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ZEUS: high Q2, low Q2, BPT, SVX
ISR, shifted vertex
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10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1








































































Q2 = 30000 GeV2
y > 0.05
e method:  E-pz > 35. GeV
e method:  without E-pz cut
eΣ method:  E-pz > 35. GeV
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10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1












97 Q2 = 500 GeV2
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97 Q2 = 1200 GeV2
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10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1












97 Q2 = 500 GeV2
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97 Q2 = 1200 GeV2
0.9
1














































































    	 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































, Â Â Â

 Â , Â Â


Â Â , Â
 Â Â Â ,
ãØã























, Â , Â
Z
Í






















































































































































































































































































































































































































































    	  



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ﬀ s0N iS\eqﬀﬁﬃﬂ !ﬁ8 q\TOD  O iN
q`O
pORN" cOD  eD}qs\OSDTObN
sTO
ﬁpOS\TOYN





ﬀ9:ﬁq Os S\O S\ssDﬂ5-036; 
=<?>
ﬂ*A jNﬁNeDq@B\ qi
ﬁmsD}sﬁs Oq OqA@\D eﬁ qYN
 N2"RSDIO]N













































































































    
5

















































































































































































































































































































































































































































































































































    




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































      
































































































































































































































































































































































































































































































































































































     	9 K













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































  +5)   4 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    	 

 
   ﬀ ﬁ 
ﬂ












































































































































0 2 4 6










































































































































































































































































































































$): !"#%ﬂ   '$ !: &=<7$ 
ﬂ   	7 ﬁ <7ﬂ #   $) 
Ł2+.91<9A'F),;,4J`D.;:-HY )*13+547]bQR9<;V/PK7Yl):+.9'M(D.9?),9<1?),K@;*]^9I4J/:O.;V9):+.9|),;:4;FV9<1?),K@;V-E9</*KJYy13+54J;:f@9AD
6547;N),-01<`E9A/ 6.;:KW>w-ED.-0'.f[),;:-0f@f@9A;h-E'8YZK@;V]n4t),-EK7'47'.Dn47`E`0K ST-0'.f]^K@]m9A'F),O.]]^9I47/VO.;:9A]m9A'F)Iw6547;V):-E1A`E9







47'.D9?>@9<'F)nxw-0'.9<]m4J):-E1</A_ ﬃC/V-E'.f|):+.9 ﬁ4J'.D % 6RK@/V-0),-0K@'K7YT),+89M9A`E9A1A),;VK@'$1<`EO8/V),9A;< ),+.9P`0KX1<47`













































CJC1 track link efficiency in %

















CJC2 track link efficiency in %



















 u 2  5 4'  +5  ~ 5  4& +5  	









f7;:K@O.'8D_&(' Y4J1A)Iq):+.9k;:9<1AK@'./N),;:O81A),-0K@' K7Yc):+.9k9A>79<'F)l>79<;N),9-, 9A'547Q.`09</=4*]mK7;:96.;V9<1<-0/:9kD.9?),9<;
p
]^-E'.4J),-0K@'kK7Yq),+.9C9A>79<'F)TxB-E'.9A]n4J):-E1A/c1AK@]m6.47;:9ADm),KyO./:-0'.fy),+894I>@9A;,47f@9r;:O.'n>79<;N),9-,d_ Ł2+.9A;:947;V9






8_ KX_B _ *-0f@O.;:9
 





-4 -2 0 2 4























-E'.fT),;:4713xB-E'.fCD.9A):9<1A):K@;:/2 # #r #g&ﬀ #ﬂﬁﬃq?_








   	  
R















),+89l/V-E]bO.`E4J),-0K@'XD.- d9<;V9<'.1A9</r-0'M):+.9 m>@9A;V),9 ,U;:9</VK@`EOX),-EK7'UQR9A)(Sc9<9A'~D54J),4n47'.DM/:-0]bO.`E4J),-0K@'P47;:9
9-,X6R9<1?),9<Dv_ '\KWSg9?>@9<;A547/ -E'F>79</V):-EfF4t),9<Dm-E'ﬁﬀtﬃﬂ @[>@9<;N),9 ,n;V9</VK@`EO8):-EK@'^9d9<1?),/g47;:9TK@'.`HjK7Yv]m-0'.K@;
-E]^6RK@;V),47'.1<9[YZK@;r):+.9b1A;:K@/V//:9<1?),-0K@'|;:9A/:O.`H)I_&('|1<K7'B):;,47/N)I):+.9bD.9A/:1<;V-E68):-EK@'K7Y ),+.94JQ./:K@`0O8),9 
>@9A;V):9-,yD.-E/N),;:-0Q.O8):-EK@'[K7YX),+.9 D54J),4CQFj=/:-E]yO.`e4J):-EK@'-0/9</:/V9<'F),-E47`B),KrK7Q8)347-0'=47'b471A1<O.;:4J),9J@O.'BQ.-E47/:9AD
1<;VK@/:/ /:9A1A):-EK@'m]m9<47/:O.;V9<]^9<'F)I_ * O8;V),+89<;:]^K@;V97F),+.9T/V-E]bO.`E4J),-0K@''.9A9<D./ ),K=;:9<68;:KwD.O.1<9T),+89\>79<;V):9-,
G5'.D8-E'.fk9^1A-E9<'81AjPK7Y),+.9[D54t)348_





pr6.47;V)2YZ;VK@] ):+.96.;:-0]n4J;Vj^>@9<;N),9 ,U47`E`d'.9<O8):;,47`q1AO.;:;V9<'F)\/:9A`E9<1?),-0K@'P1<O8):/C4J;:9[476.68`E-E9AD 1?Y_.13+5476
p




































_ KXpCD.D.-0):-EK@'.47` /:9<`09<1?),-EK7'L;:9 %wO8-E;:9A]m9A'F),/YZK@; ),+.9D89A),9A;:]^-E'54t),-EK7'nK7Y),+89r>@9A;
p
):9-,*G.'.D.-E'8fm9>m1A-E9A'.1Aj7_















































































):+547' ¡@¡8_ ﬁK7Yh),+89D54J)34L9?>@9A'B):/l+.4W>79^4L6.;:-0]n47;NjP>@9<;N),9 ,;:9A1<K@'./N),;VO.1A):9<DST-0),+4t)`E9<47/V)K7'.9













   "!$#	 %@+6#$! +ﬀﬂﬁ #B+H(
Ł2+89 U>79<;V):9-,D.-0/V),;V-EQ.OX),-EK7' -0/l/V6.;:9<47D"K7O8)b4J;:K@O.'8D),+89m'.K7]m-0'547`-0'B):9<;:471A):-EK@' 6dK7-E'F)=D.O.9m):K
9 ,w),9<'8D.9<D^Q.O.'.13+89</ K7Y ),+.926.;VK7),K7'Qd9<47]U_Ł2+.9T]^9I47'>@9A;V):9-,k6RK@/:-H),-0K@'y13+54J'.f@9</ -0'y),-0]m9g47'.D
-0'"f@9A'.9<;:47`hST-0):+"9I4J13+ ]n4J13+.-E'.9kG5`0`hD.9<6R9<'.D8-E'.f~K7'),+89nQR9I47] /V9A):):-E'.f7/lK7Yg),+.9n471<1A9<`E9A;,4J):K@;<_
*5K@;G ,89ADQR9I47] 1<K@'8D.-0):-EK@'./A8),+89 >@9A;V):9-,UD.-E/N),;V-EQ.O8):-EK@'n-E/\476.6.;VK ,8-0]n4t),9<`Hj[47O./V/:-E47'_
Ł2+.9







):+.9L;V9ASc9<-Ef7+B):-E'.f-E/=6d9A;VYZK@;V]m9AD /:9A6547;,4t),9<`HjYZK7;l9<4713+K7Y),+89nG.>@9*;VO.' ;:47'.f@9A/b-E' ST+.-E13+ ):+.9







































































):+.9 M>@9<;N),9 ,;:9?Sg9A-Ef@+F):-E'.fUK7Y),+89L/:-0]bO.`e4t),-EK7'_nŁ2+.9nD.-E/N),;:-0Q.O8):-EK@'./=47;V9n/V+.KWST' YZK@;





-40 -20 0 20 40















-40 -20 0 20 40



























































Ł ﬁŁ ):K7)347`v9<'.9A;:f7j   [9>=
 #

















































































































































p '	 1<47' 4J`E/:KPQR9
4t):),;V-EQ.OX),9<D*):Kk):+.9[D.- d9<;V9<'F)\/:+.KWSc9<;\/:+54J6d9=D.9</V1<;V-E68):-EK@'./A_
&('/:O.]^]m47;Vj7C),+89 9A`E9A1A),;VK@'G5'.D.-0'.f$47`Ef@K7;:-0):+.] -E/*K@68):-E]^-E/V9<D),K6.;VKW>X-0D.9 47'9^1<-09<'F)
9A`E9A1A),;VK@'~;V9<1<K7f@'.-0):-EK@'v_NI4713xBf@;VK@O.'.D|1AK@'F),;:-0Q.O8):-EK@'./\6547/V/:-0'.fm):+.9y9A`E9<1?),;VK@'~-ED89<'F),-HG51I4J):-EK@'M47;V9
ﬃ  8 OCB*##C/4#:)IOEA<35ﬂ-M8#iOE+.)J9 #:)IO<+438 30=wO B#>@?%Aﬂ)C-0/D3A<+456#TO<#ﬀA"!MOCB# A<-&H+.-cOE+D38 /4#C8MPO B$#&% )ﬀ3A<AE#:9'238'&9#O<3









+.9 &H#,$*8*#C& +48oO B# &<6 )='/D-8#+ +uO B&	!?> /D8@/O<-08ﬁA
ﬃ
2 N











0 50 100 150














0 50 100 150




























































































































Ł2+.9 1<K7'.9OFV9A)U47`Ef7K@;:-H),+.]  #ﬂﬁ 






























4J'9 ,X):9<'./V-EK@'"K7YK@'89^-0' ):+.9|D.-E;V9<1A):-EK@'v_mp FV9A)=-E/[1A`e47/V/:-0G.9<D 4J/=9A`E9A1A),;VK@'EFV9?)=1I47'.D8-ED54J):9m-HY


































































































47/bYZO.'81A),-0K@'K7YT),+89  4J'.D %-E]^65471?)b6RK@/:-H),-EK7'"K7YT),+89*9<`E9A1A):;:K@' FV9A)bK@'),+.9*/VO.;VY471A9*K7YT),+.9







-200 -150 -100 -50 0 50 100 150 200



























-5 -2.5 0 2.5 5
17.5 20 -20 -17.5








































]m4J),9A;:-e4J`YZ;VK@]):+.9k/:O.6.6RK@;N)l/N),;VO.1A):O.;:9kK7Y ),+.91<47`EK7;:-E]^9A):9<;A_y&('|),+.91"1A;,4713xB/=47'.D -E'~):+.9 
1<;:4713xQR9A)(Sc9<9<'):+.9 #JINK4J'.D#JI R ST+.9A9<`E/Ac):+.9U9A`E9A1A),;VK@'$]n4Ij9?>@9<'%9<'F),9A;^):+.9U+.47D.;:K7'.-E1
/:9A1A):-EK@'ST-H),+.K7O8)6.;V-EK@;\-E'F):9<;,4J1A),-0K@'./A_CŁ2+.9y1<KF47;V/:9lf@;,47'BO.`E47;:-H)(jPK7Yh),+89y+547D8;:K@'.-01y654J;V)CK7Yh),+.9
qpr;h1<47`EK@;V-E]^9A):9<;D.KX9A/h'.K7) 47`0`EKWS$47'k9^1A-E9<'F) /V9<6547;:4J),-0K@'K7Yd9<`09<1A):;:K@]m47f@'89A),-01g654J;V),-01<`09</YZ;VK@]









	 > +45J)ﬀ5 2;-8*&0O B# )ﬀA<-)H9:(2#TO,+B#ﬀ#ﬀ8 +ﬁ/ > +"8)5 ),5 2 -08*&
 +	/ﬀ >:*456),5 2 -AE# #ﬀGH)ﬀ/4('&H#C& 5ﬂ-0+D8/ -&H(#9OE3ﬂ(8*)ﬀ#ﬀA]O<-+48%OE+D#C9%+48 O B# ' 3 9 +\OE+D38ﬃ&#TOE#CAE56+D8*-cO<+438-08*&
















































9A`E9A1A),;VK@'-ED.9A'F),-0G.1I4J):-EK@'+54J/b),K;:9A`0j ]m47-0'.`0j K@'),+89M68;:9<D8-E1A):-EK@'8/K7YT),+.9P/:-0]bO.`E4J),-0K@'_ Ł2+.9























































_ L_gŁ2+.9l;:9 FV9<1A):9<DU9A>@9A'F),/47;V9=YZK7O.'.DMK >79<;\),+.9[9<'F):-E;:9=6RK@`e47;T4J'.f@O.`E47;2;,47'8f@9=47'.D
68;:9<D8K@]m-0'547'F),`HjL4t)C+8-Ef@+ C*4J/\9 ,X6d9A1A),9ADUYZK@;B{UQ54713xBf@;VK@O.'.D_
&('b):+.9gD54t)348 RX_  K7Y8),+.99?>@9A'B):/ 47;:9c;:9 FV9<1A):9<DQFj=),+.9-0/:K@`E4J),-0K@'[1<O8)<_ #gK@;V;:9<1?),-0'.fC):+.9D54J),4
YZK7;Q54713xBf@;VK@O.'.DP1<K7'B):;:-0Q.O8),-0K@'./g47/K@Q8),47-E'89<DLYZ;:K7] /V-E]bO.`E4J),-0K@'@):+.9-E'.9>^1<-E9A'.1Ajm-E]^6RK@/:9AD*QBj
):+.-E/21AO8)\-E/ R8_ R  -0'*),+.9[D54J),41<K@]^6547;V9<D*),K R8_
 































































  1!   
 
 	 ﬃ 	 
(
Ł2+.-E/;:9 %BO.-E;V9<]^9<'F)/N),;:K7'.f@`0j;:9<D8O.1<9A/),+.9 6.+.KJ),K@6.;VKXD8O.1A):-EK@'=Q54713xBf@;VK@O.'.D4J'.Dy1<47O./:9A/K@'.`Hj










#	!  (	 ! 
 














































w ﬂ d),+.99A`E9<1?),;VK@'47'.f@`09   C-E/]^9I47/VO.;:9ADQBjU),+.9y6dK@/V-0):-EK@'./CK7Yh),+899<`E9A1A):;:K@'|1A`EO./N),9<;
-E'P),+89 qpr;\1I47`0K@;:-0]m9?),9A;T47'.DU):+.9 k>@9A;V),9 ,d_  \-0/2)347xJ9<'YZ;VK@]}),+.9=),;:4713x*ST+.-E13+U-E/\;:9&%BO.-0;:9AD
),KkQR9=47/:/VKX1A-e4J):9<D*ST-0):+M):+.9[9<`E9A1A):;:K@'P1I4J'.D.-ED.4J),9J_







































































  R	h1A] #JI ( K K	 









































































  1!   
 

















































cell 1 cell 2
*-0f@O.;:9
 
_H( (@ aXx79?),13+ K7Y ]mKW>w-E'.f 4
[47O./:/V-e47' 9<'89<;:fJjD.-E/N),;:-0Q.O8):-EK@' 471A;:K@/V/
),+89CQRK@O.'.D.47;VjKJY1<9A`E`0/N(r47'8DLK^O.686d9A;
6547;N)  _*Ł2+.9m9A'.9<;Vf7j D.9<6RK@/V-0),9AD -E' 1<9A`E`
























































































































































































































  1!   
 








-22.5 -11.25 0 11.25 22.5



















































































































































-20 -10 0 10 20
























-20 -10 0 10 20




















































),47'F)I_ 9A/:6.-H),9T),+.92G5'89Cf@;:47'BO.`e4J;:-0)(j7@),+.9\9d9<1?)g-0/ /V),-0`E`./V- A9I47Q.`09T-E'k),+.9A/:9CST+89<9<`0/<_ ﬁr),+89<;VST-0/:9J
















































  1!   
 




































¡ ( (	 K ( 	@¡ 	 K K
#JI R 	

  	 KJ¡ K	 K	
*I ( K  	 K (  	  R	F¡  	H(W¡
Łﬀ47Q.`09
 
_X ﬀ+.9A9<`  ST-E/V9M;V9</VK@`EO8):-EK@'"K7YC):+.9P9<`09<1A):;:K@'1A`EO./N),9<;%]^9I4J/:O.;V9<]^9<'F)kYZK@;
D.4J)34b4J'.D*/:-0]bO.`e4t),-EK7'^O8/:-E'8fy),+.9r/V)34J'.D547;VD*;:9<1AK@'./N),;:O81A),-0K@'*K7Yq):+.9r1A`EO./N),9<;g1<9<'F):;:9K7Y

































































































































































-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20

























-20 -10 0 10 20















































  1!   
 
 	 ﬃ 	 
@¡











































































_ RF?_Ł2+.-0/[1<K@;V;:9</V6dK7'.D./),KM4P1<O8)[`0-E'.9bST-H),+.-0'~),+.9G5;V/V) %BO547;V):9<;m+.47`0Y,CK7Y ),+.9
K@O8):9<;V]mK@/N)1<9A`E`YZK7;r),+.9 I I

"#JINK #JI R  * IJK@TST+.9A9<`0/<_ ﬃ\/:-E'8f*1<9<`0`-0'8YZK@;:]m4J):-EK@'MYZ;:K@] ),+.9































-20 -10 0 10 20






















-20 -10 0 10 20





















-20 -10 0 10 20





















-20 -10 0 10 20





















-20 -10 0 10 20






























):+.9yD.4J)348_C&('|47D.D8-0),-0K@' '.K={$4 D.9<6R9<'8D.9<'.1A9kK7Y),+89lG.)r6547;,4J]m9?),9<;V/r+54J/Qd9A9<'~K7Q./:9A;V>@9ADq- _97_








  1!   
 
 	 ﬃ 	 
 (




























































































_8(X_Ł2+.9   D.-E/N),;V-EQ.O8):-EK@'8/rK7Y #JIJR*4J;:9
Sc9<`0`qD.9</V1<;V-EQR9<DMQBjM4/V-E'.f@`09 =4JO./:/V-e47'_





































),+89=1<47`E1AO.`e4t),-EK7'LK7Y =iy1?Y_59&%BO54J):-EK@' KX_ K
 
 ST+.-013+U-0/\4k/N),9A9<6.`HjLY47`E`0-E'.fyD.-E/N),;:-0Q.O8):-EK@'_

































































BBE CB1 CB2 CB3 FB1 FB2




























BBE CB1 CB2 CB3 FB1 FB2


























































  1!   
 
 	 ﬃ 	 
 R
*5O.;V):+.9<;V]mK7;:97BD.-0/V):O.;:Q54J'.1<9A/K7Yv):+.9r1A`EO./N),9A;6y]^9I47/VO.;:9A]m9A'F)47;V9CK7Q./:9A;V>@9ADP-E'k),+.9\>X-01<-0'.-0)(jKJY
















4Wj79<;  ST-E/V9l1AK@;:;V9<1?),-EK7'./2Sg9A;:9['.K7)\/:O81<1<9A/:/NYZO.` _
   ! 
 




#B+ (  ! 
 










































































































































5 2-E/ ),+.9'8K@]m-0'547` b1<KwK@;VD.-E'54t),9rKJY1<9<`0` 5_
Ł2+.9y6.47;,47]^9A):9<;V/C4J;:9=D.9A):9<;:]^-E'89<DM/:-E]yO.`0),47'.9<K7O./:`HjnYZ;:K7]ﬁ4^G.)T):Kn47`0`q9A>79<'F),/6.47/:/V-E'.fk),+.9
















































































































































































































































):K~47'8K7),+.9A;<ﬀ9A>@9A'"),+8K@O.f@+9A>@9A'F),/bST-0):+9A`E9A1A),;VK@'./l-E'),+.9m1<;,4J13x ;V9<f@-0K@'./=47;V9m;V9 FV9<1?),9AD YZ;:K@]
):+.9b4J'547`0jw/V-E/<_ *5K@;  UK

























  1!   
 








-200 -190 -180 -170 -160
















-140 -120 -100 -80
















-60 -40 -20 0 20
















-200 -190 -180 -170 -160
















-140 -120 -100 -80

















-60 -40 -20 0 20

















40 60 80 100

















120 140 160 180

















200 220 240 260




















































































































































































































































































































































































































































































































































































































































































































































































-3 -1.5 0 1.5 3























-3 -1.5 0 1.5 3



















-3 -1.5 0 1.5 3






















































































































































































































































































































































































































































































































































































































































































































































































     
  


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-150 -100 -50 0 50 100 150 200


































































































































































































































































































































































































































































































































































































































































































































































	 	  
















































































































































































































































































































































































































































































































































































































































































































-150 -100 -50 0 50 100 150 200 250 300





































































































































































































































































































































































































































































































































































































































































































































































ﬂ    #B+






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 20 40 60 80


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-200 -150 -100 -50 0 50 100








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































:"##ﬀ/D#C)<AE35ﬂ-0M8*#E+.);#ﬀ8#CAEM - 9E)C-0/D#+D9 )C-0/D/4#:& ﬂ
!














-200 -150 -100 -50 0 50 100
Data
MC








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 50 100 150 200 250 300 350 400





2α ↓ LAr ∆T=-0.1o











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































     
 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































-200 -150 -100 -50 0 50 100












































































































































































































































































































































































































































































10 15 20 25 30 35
















10 20 30 40





























50 100 150 200

























































































































#	+ ﬃﬁ (%ﬃ1 "!$#




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   1	     	 	 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 10 20 30 40 50


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   1	     	 	 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   1	     	 	 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 10 20 30 40
Data
MC































































































































































































































































































































































































































































































































































































































































































































































































 ! +  #$ "!


































































































































































































































































































































































































































































































































































































































































































































































































   1	     	 	 










0 10 20 30

















0 2 4 6 8





























































































































































































































    	 


















































































































































































































































\43Shg 03Sh0'" " *2-.162EcHY14Q.16 "ﬁ0%0ﬁ0
ﬀ
















S %'&)4oa/>3L),7(C.1BUMFEFB+L)OP4o>)4:a/93(+2<(+EF9 (C*A(+OR0EF*54:>2<EdhE125& >/.c2-.d.19)>§*5(+OVL)BC.c2<(+EF9E1H2<&)4
,7E165654:*50EF9)>)(+9)g}65L)96<.c9)gF47*:S
)+*

















































0 10 20 30 40 50 60























1 2 3 4 5






























<9N= ! AN N A#"
*































































































































































?BA CEA HE=WJ = VKH
%'&34ba)>)L),7(C.1BM1EFBCL)OP4~,:L32<*G4793*5L)684b25&)4b0)654:,7(+*54OP4Q.1*8L)654:OR4:9e2E1H[25&)4*5,7.c252547654:> 4:BC47,D2<68EF9




































































































































HJEF6f&/.1B+EOVL)E19)*|^=&)(+BC4}2<&)4IlIﬂ*8(CgF9/.cB`(+9)4:P,:(C4793,7(C4:*V.1684Ih47B+E^P0Ssr-=  [%0! S
©
,:25L/.1B+B+YFk2<&)4
h/.1,-iegF68EFL)9)>a/9)>)4:65*654 '847,:2 03Sh>= >/.c2-.A4DMF479;25*.19)>e03Shg>= *8(COVL)BC.c2<4:>o4:M1479;2<*:S


































































































































































































































































































0 10 20 30 40
Ee 
′

















1 1.5 2 2.5
Ee 
′















0 50 100 150























































































0 10 20 30 40

















0.5 1 1.5 2














0 50 100 150

































































0 5 10 15 20















30 40 50 60 70




































0 20 40 60
δL = 1.5%


























    	 









h4:YFE19)>2<&)4p2-.c9)>/.168> n E>)47B S!b479),:41k\2<&34I0)6847*54:9;2}.19/.1BXY*5(C*|.1(+OR*[HJEF6|.,7EFOP0)6847&)4:9)*5(+h)BC4























































'&%X@"3.9;9 74)7=9-B9E0>7 3D9U7=24/"9 :<,>2*[ ,74@P7=@"9('B)06A)'+* 249EDO,>0*9 7=24/6DS743Q,>0 -B97=@",CA9ﬀT@"3DJ@ L"24,-,3AC9 D,1-BL6)2J)[6+Q9




 	 D 





















































































0@ %0>= .c2AB+Er^ M1.cBCL)4:*WE1H §,7E165654:*50EF9)>)(+9)g~2<EB].168gF4 ,
      	





10 -2 10 -1 1
S,




10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1






























































































 	 D 
 f 	 	I

















































































































































,7EF9;2<.1(C9)*U25&)4[6<.1>3(].c25(+MF4 Ec  ,7EF686547,D2<(+EF9)*.1*=>)(C*8,7L)*8*54:>(C9G*847,:25(CEF9e"Shg3S
 &)4:9)4:M1476}.1,:,74:*5*5(+h)BC4ck25&)4I4DR,:(C4:9),7(+47*V.c9)>25&)4p.1,:,74:032-.193,747*V.1654P>)4:254768OR(+9)47>>)(C6847,:25B+Y















































   	    $







§(C*f2<&)4RBCL)OP(C9)E1*5(+2ZY654:0)654:*5479;2547>§heYb25&)45n E19e254 ﬂU.168BCE4DMF4:9e25*7S~%'&34 Ec` 6<.@















































































































































 	 D 































-5 -2.5 0 2.5 5
Q2 = 250 GeV2
∆Ee 
′
 / Ee 
′














-5 -2.5 0 2.5 5
Q2 = 2000 GeV2
∆Ee 
′
 / Ee 
′













-5 -2.5 0 2.5 5
Q2 = 12000 GeV2
∆Ee 
′
 / Ee 
′




















































































   	    $









-5 -2.5 0 2.5 5
Q2 = 250 GeV2, x = 0.013
∆Ee 
′
 / Ee 
′














-5 -2.5 0 2.5 5
Q2 = 2000 GeV2, x = 0.25
∆Ee 
′
 / Ee 
′













-5 -2.5 0 2.5 5
Q2 = 12000 GeV2, x = 0.65
∆Ee 
′
 / Ee 
′































































= HJEF6 p G r]0P,:O « i i c^=&34747B
­
k
032r-= HJEF6   rﬁ07 p "ﬁ0A,:O « ﬂ i Fkﬂ i#"
­
k
%2r-= HJEF6 "ﬁ07 p %\0A,:O « ﬂ i g
­
k
g32h0>= HJEF6 pM/ %\0A,:O « &oi f.19)>GOPEF654HJE168^K.165>
­
S






































684Q.1,-&)(+9)gP.1hEFL32 r-= HJE16'B].168gF47*2'M1.cBCL)4:*'E1H ŁS
\"ﬁ0
 
 	 D 
















9 L)9),:EF656847B].@2<47> 4:6565E16AE1H FS
$























ﬂKEFOR0).165(+*5EF9)*RE1H[>)(mjN4:65479;2o,7.1BC,:L)B].@2<(CE19)*REcH?2<&)4 Ec  6<.1>3(].c25(+MF4,7E165654:,:25(CEF9)*I(C9¥25&)4
BC4Q.c>)(C9)gBCE1g.c0)0)65EQ¦(COR.c25(CEF9[&/.QMF4K*5&)Er^=9}.1gF68474:OR4:9e2EF9f2<&)4`HJ4:^ 04765,:479;2\B+4:M147B  \4k]%" S






























   	    $








0a2sr  " \0 
ﬀ
0 HJEF6 5q 032h4'r
cyB+47,:2565EF947934765gcYd«°,:EF67S
­
032sr  %2r  HJEF6 5q 032h4'r
cyB+47,:2565EF90EFB].16U.19)gFB+4}«°,:EF67S
­
























































>VK?PFIQ*N=OYaVKH V   1QSHIC  N ATVXHIY J3N
*
























 	 D 






























Q2 = 200 GeV2
1
10
10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1










Q2 = 500 GeV2
1
10










Q2 = 1200 GeV2
1
10


































































       	








Q2 = 200 GeV2
0
1
10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1














ed Q2 = 1200 GeV2
0
0.5




























Q2 = 20000 GeV2
0
0.1





























>/.168> n E>)4:B`036547>3(C,:25(CEF9b^=&)(+,-&ﬂ(C*fh/.1*847>E19d25&)4 b e\[ﬁ[
$


















 	 D 
 f 	 	I
0
1




Q2 = 200 GeV2
0
1
10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1














ed Q2 = 1200 GeV2
0
0.5




























Q2 = 20000 GeV2
0
0.1





Q2 = 30000 GeV2
H1 data 1999/2000






































q g%0%0ﬁ0 I?4 J
G
h)(C9)*:kF2<&)4:654=.1684







Mc.1B+L)47*PE1H[HG7 "ﬁ0%0ﬁ0 I?4 J
G
kU2<&34n>/.@2-.*8&)Er^.19¥ErM1476<.cBCBEﬁjN*84:2RE1H[.1hEFL32I.HJ4:^ 04765,:479;2
       	

















10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1










97 Q2 = 500 GeV2
1
1.2










97 Q2 = 1200 GeV2
1
1.5

































































































 	 D 






































































       	















































10 2 10 3 104































 	 D 























































ﬂTz z ﬂ ?t ﬁ ¡
u
 t ?£ ?{ ﬂ
u
%'&34U0)654:*54:9e2`l ﬂ ,768EF*5*\*847,D2<(CE19AOR47.1*5L)6847OP479;2\(+*T,:EFOR0).1654:>|2<E2<&)4U6847*8L)B+2T0)L)h)B+(C*5&347>V6847,74:9;2<B+Y
































10 -2 10 -1 1
Q2 = 250 GeV2
10 -2 10 -1 1
Q2 = 300 GeV2
10 -2 10 -1 1










97 Q2 = 500 GeV2
1
1.2










97 Q2 = 1200 GeV2
1
1.5
















































































b654:gF(CE19k,:EF656847*80EF93>)(C9)gP2<EIM1476YB+E^ M1.cBCL)4:*E1H ,17 0a20'rS%'&3(C*65.19)gF4|(C*.1,7,:47*8*5(Ch3BC4VL)*8(C9)g







6V,7.1BCEF68(COP4:25476  '" S
2<*(COP0/.1,D2E19n2<&34|,:65EF*8**54:,:2<(+EF9OP4Q.c*5L)6847OP479;2(+*684ﬃ/4:,:2547>h;YG2<&)4|*82<68EF9)gR(C9),:654Q.c*54WEcH\2<&)4




 	 D 
 f 	 	I
ﬀ
 G £ £ ¡Vt\¤
%'&340)654:*54:9e2'lIﬂ,768EF*5*_*547,D2<(+EF9pOP4Q.1*8L)654:OR4:9e2Uh4:9)4:a)25*KHJ65E1O B].168gF4(+OR0365ErMF4:OR4:9e25*U.1,-&3(C4:M147>
(+9|25&)4K4DMF479;2 6847,7E19)*82565L),D2<(CE19A.19)>V(+9W0/.c682<(+,7L)BC.16¨2<&)4KOR47.1*5L)6847OP479;2\EcH)2<&)4_*5,7.c252547654:>A47B+47,:2565EF9NS
%'&34P2ZY0)(+,Q.1B\25E12-.1BT0)654:,7(C*8(CEF9bE1H`2<&34P,:65EF*8*|*847,D2<(CE19d6847*8L)B+2f(C*[.chEFL2 g>=.c2[B+E^ G .19)> r-=









    	  
   \$        $ \$
Z9¥25&)(C*P,-&/.10325476:kU2<&)4n9)47L3256<.1B,7L365654:9;2p,768EF*5*R*54:,:2<(+EF9OP4Q.1*8L)654:>(C9 2<&34na/68*82p0).1682RE1H25&)(C*
.19/.cB+Y*5(+*A(C*}(C9;MF4:*825(Cg;.c2547>§2<EbBCEEFiHJE16}25&)44kj47,:25*REcH47B+47,D2<65E19 :eL/.168i,7E19e2<.1,:2R(C9;25476<.c,:2<(+EF9)*



















rq 	Ł{ ﬂ\t z 
w

















2<(+OI.@2<(CE19S|L)0)0EF*54P.p*84:2fE1H`(C9)>3470479)>)4:9;2<B+Y~OR47.1*5L)6847>:eL/.19;2<(X2<(C4:*   ^=&)(C,-&b,:EFOR4VHJ68EFO .
0)68EFh/.1h)(+BC(X2ZY>)4793*5(+2ZYHJL)9),D2<(CE19

















































(+*'2<&)4   G HJL)9),D2<(CE19^=&)(+,-&(+9n0)65.1,:25(C,:4|0)68ErM(+>)47*4Q.c*8Yn.1,7,:47*8*2<ER4D¦2<65.1,:22<&34|0/.c6<.1OP4:254765* _S
n .@¦(COP(C*5(+9)gW25&)4[BC(Cic47B+(C&)EE>RHJL)9),:25(CEF9G(+*'4;:eL)(+Mc.1B+479;2'2<E}OP(C9)(+OR(+*5(+9)g|25&)4   G HJL)9),D2<(+EF9S
H2<&)4=0EF(C9;2y4:6565E165*!&Eq ,\  «   
­
.1684 If.cL)*5*8(].19}>)(+*82<68(Ch)L2<47>P.193>I.1*8*5L)OP(C93g[25&/.c2y25&)4









































^=&347654  .19)>ﬁ « 
­











































&/L)62<&)4:6=(C93HJEF68OI.@2<(CE19p.19)>n.A,7EFOP0)6847&)4:9)*5(XMF4fEM1476M(+4:^ EcHT*2-.c25(C*825(C,:*',Q.19h4?HJEFL39)>G(C9  [%"(S
&('*)+'*) ,
AHIAN QSR- FEFIN VXQ*T  J3V  AQ*N T    VXN >VXH J3Q*TJ/.HKJ3AN Q*TJ = VKHIY
%Ef*54Q.c65,-&IHJEF6\25&)44kj47,:25*KE1H,7E19e2<.1,:2_(C9;25476<.c,:2<(+EF9)*:ke25&)4=OR47.1*5L36547>R,768EF*5*`*54:,:2<(+EF9P>/.c2-.[E1H2<&)(+*
.c9/.1B+Y*8(C*y.1684U,7E1OR0/.c6547>A25E2<&)4'0)6847>)(+,:25(CEF9)*TE1H2<&)4=e2-.19)>).165>Zn E>)47B3(C9),:BCL)>)(+9)g?.HJEF68O	H°.c,:2<E16
       	 
 1?


















2<&34® E&T*7k;^=&)(+,-&IHJEF6 (C93*82-.c9),74.1,7,:EFL)9;2<*`HJEF6`25&)4L)9),74:682<.1(C9;2ZYPE1H25&)4 G0).16<.1OP4:254768(C*<.@2<(CE19PEcH











































  =WJaJ$=@H BJ IADCEV
*




N N AH J1TN V Y3Y1YaATJ = VKH









































0365(COR.168(CB+Y|.]j47,D2_25&)4 G >)(C*2<68(Ch)L325(CEF9}E1H2<&)4=,:65EF*8*K*54:,:25(CEF9k o>3470479)>)4:9;2U*8Y*2<47OR.c25(C,=4kj47,D2<*
.c9)>}47*5047,:(].1B+B+Y|2<&)4'65.c2<&)4:6 (COP0)654:,7(C*847BXYWie9)Er^=9 p>)4:04:9)>)4793,74E1H25&)4® E&T*yOI.QY|Y(+47B+>P*8EFOP4
H°.ci14G,7EF9;2565(Ch3L32<(+EF92<E2<&34,:EF9;2-.1,D2P(C9;2<4:6<.1,D2<(CE19*5(Cg19/.1B '8L)*2PheYi(+9)47OR.c25(C,7*W*5(C93,74G&)(Cg1&HG
,:EF656847*80EF93>)*K2<EW&)(CgF& .19)>IM(+,74M14768*<.3S Z9IH°.1,D2Qkea3¦(C9)g|2<&)4 G9)EF65OR.1B+(C*<.@2<(CE19AOI.QYP(COP0)B+YA.19



















A HE= J$=OVXH QSHIC/.!N N V N <ZN AQ J$?PAHKJ
%'&340)654:*54:9e2.c9/.1B+Y*8(C*`,7EFOP0/.16847*_25&)4OP4Q.1*8L)654:>p9)4:L32<65.1BN,:L)6568479;2',768EF*5*K*547,D2<(+EF9I2<Ef2<&)4?2-.19






























































































  lk 
nm
jporq



































































































ﬁﬃﬂA#?+ﬁ ﬁﬃﬂ ' =^,ﬂ/.', Y  
	W.	


































































































































































































































   G #?ﬂ&V

























































































































































































































































































































































































'ﬁﬂ ﬁ/#$Q.&X Y ﬂ I./'ﬂ( 

	 ,++ﬁﬃ+ﬁ#H
 G =]ﬂ	ﬂ&, /./
ﬁ
Y %&ﬁﬂ+9 :< G =]ﬂ	ﬂ&, ﬁ# 

   L=+ﬁﬃ'ﬂ).ﬂE























   
    






























































10 3 10 4
x = 0.02
10 3 10 4
x = 0.032












































10 3 10 4
Q2   [GeV2]
x = 0.65
MRST2001:
αs = 0.119 + 0.002
αs = 0.119 − 0.002


































































































































  ﬃﬂ   ﬂ 
	 ﬂ
:<	' &V
'ﬁﬂC&+ Y  
ZM8'ﬂ,I.ﬀ
'&[=).Z=/.&, W '&XU &X	ﬁﬃ,ﬂQ
ﬁﬁ Y 
-.ﬂV.+FﬃC.+ Y  R
).B7Iﬁﬃ+Zﬁ#P
D























































































































































































































 ;7 ﬃ   
$


































































































































































































































<ﬂ Y 'ﬂ<ﬁ#~./ #?	ﬂ&,















10 3 10 4
x = 0.02
10 3 10 4
x = 0.032












































10 3 10 4









































































































































































7/ Y 'ﬂ ﬂﬁﬃ+I.'5./
ﬁﬃﬂT' ﬁ
(71.ﬀ






























































7  Y ﬂ-ﬂ	ﬁﬃ+R.'<./
'ﬁﬃﬂg




















































































































































































 . N. .







































































































	    k|&V# DKFﬃ+
{S<7
Y

















































H1 1997 H1 2000
MRST 2001 MRST 1999
























2 dim, overall norm.
H1 1997 H1 2000
MRST 2001 MRST 1999
























2 dim, norm. x bins
H1 1997 H1 2000
MRST 2001 MRST 1999











































































10 3 10 4
x = 0.02
10 3 10 4
x = 0.032












97 x = 0.08
0.9
1
1.1 x = 0.13
10 3 10 4
Q2   [GeV2]
x = 0.18
10 3 10 4



















10 3 10 4






H1 2000 PDF Fit


























     Kﬁﬃ+ 





























































































































	+      5ﬁBW ﬂ 'ﬂ DKFﬃ	+ {	B501

I






















:	  0    &,ﬁﬃﬂE
-.ﬂ6'7.
ﬂ=	
A#?+ﬁﬃ G   	'Fﬃ J)./
-.	
G1ﬁBW V7ﬃ+,0 # 











    1ﬂ&ﬂFQ+&,ﬂE










































    ﬂ=	
 2Jﬁﬃ+ﬁB7ﬃ,+.'ﬂF"




























   $"    )(

   ﬁ  %$  +ﬁﬂ&%"








































	   Z'ﬂC ﬁ#9





























































































































































































































































































































 ?. .ﬂ	 . ﬁI.A'ﬁBW 'ﬂ&,;





































































ε/Λ2   [TeV-2]
LR
-0.2 0 0.2










ε/Λ2   [TeV-2]
RR 2dim, norm. x bins
2dim, overall norm.
1dim










































































































































































    ﬃ 

























































	89  o.ﬂ"#?ﬁﬃ	ﬂ 
ﬁ Y U&,ﬁﬃ.=)./






















































"    
0
I


































































































































































































































































































-2 -1 0 1 2








-2 -1 0 1 2
 ← norm.

































-2 -1.5 -1 -0.5 0 0.5













-0.2 -0.1 0 0.1 0.2



















































&%++ﬁﬃ+,  .&X &,ﬁﬃ='ﬂF &,ﬁﬃ
Y
ﬂ/./














































,, '[Q.+, Y  Q
 -Tﬁ %=+ﬁ Y . Y '
) #	




.    71./'1].+Fﬃ+ 
/.ﬂ






-. Y 'T{S<7CW 
5








+<./', :< -Tﬁ %=+ﬁ Y . Y '

























8FHG,IKJ2L 8  J k 2 
!10=5 ﬂ
 ﬃs  




















































































































































ﬂJ k 2 



















































0  ﬃ  A9
ﬁ




























































































































































































































. Y ,ﬂ& ﬁ#¨.$&Q.ﬂFﬃﬂ/.eG ﬁBW4,7+0I
GI
<.ﬂ/.+K2JﬁI,
























   	6.'  " 

































































T#?+ﬁﬃ . S CD
U' 
  SQ,






















-1 -0.5 0 0.5 1





































































































































ﬀ'ﬁﬂ  &ﬀ 3%   ﬁﬂ
ﬀ
 ﬃﬂ ﬀ

























0 * N37[Q.4E!@"37(! O"# 5p%0?ﬁ6321#-?!E1ﬀﬁ63!V;=#-2U\ 935 .P`cbed.f *
 * N37[Q.4E!@"37(! O"# 0i;=#&25E._+21+%0NQc.-ﬂ?3!N#-; .a`cbed.f *
]#&2EQ.-)A^ﬂ%7?(h!1)7.-ﬀ .a`cbed.ftjH1u\m21+!1? "!.Vq"rs`T#-;T1 2F#-%01
I
.-2>ﬀ#697H+21ﬂﬁﬃ+%01!m8Jﬀ+ﬀ5~.










").-%. Byx@`x/*TO721#J)3+5?2>uﬂ!Uﬀﬂﬀ?!@"2<.R"35Bﬂ%$\]:&?2> { *<9Gﬂ%$"32>ﬁﬃ!#4; !p~ :< . ;=#&2U"(X)Q.-!>














21+!1? "! !-qAr`H#4;HﬁR.-%,8 2
I
 97H+21ﬀﬁ63%,1!


















































8 FHG,I J@L 














































ﬁ #&%/1i!> 4+u#-;{"uﬀﬀ:-040?/.-2>W0! B7 @

*GE# La+Q-32+j_"+!1A.4%/.-ﬂ8J!>3!m!@"2>#&%:& 8K213 8#&%
ﬁ6#J53=.-!>!1?ﬁ67(1ﬀ#&%!+jP;=#-26ﬂ%!><.-%)+KLN(+"(32ﬃ1.-%#&ﬁR.-ﬂ#&?!GﬁR.-:&%."ﬀ)Bﬁ6#&ﬁ63%,"!G5(37[3%5
ﬂﬀ%7.-21 8#-2 4J?).-52<.R"ﬀ)7.-ﬀ 8#-%K1X;=32>ﬁﬃﬂ#&%BﬁI.4!1!+*
   
 ﬀ  3ﬀ#" ﬁ %"$"
(V5+!1)32>ﬀ7(1ﬀ#&%|.-%5uﬀﬁ67ﬀ+ﬁﬃ+%,-.41ﬀ#&%X#-;()3#&ﬁ67[#&!1 "3%(3!1!Sﬁ6#95+ﬀ! ﬀ%O"(P;=25.-ﬁﬃ.LV#-21WX#-;]gJ-.-%Jl





;=+21+%)3LN " 1Bg0-.-%5).-215 2#95+K.4ﬁﬃ7ﬂﬂ1?5-*B($ﬀ#MLa32iﬂﬀﬁ6ﬂ1!#&% 1)+#&ﬁﬃ7[#&!>ﬂ"+%3!>!




















-10 -8 -6 -4 -2 0 2 4 6
εΛ   [TeV]





















!@"21#-%:&3!@Uﬂﬀﬁ6ﬂ"!\.-21h#&C(-.4ﬀ%+5ﬃ;=#&2T"(  Q 8*8oj )8 Q 8Nj	.-%5
P P
ﬁ6#J53ﬂ!3j







!1+)+1ﬀ#&%K"#p21ﬂ!11# LK.-2>5!h(ﬀ:&+!>G'hﬂ%!>#&ﬁ6ZCﬂ%!D).; *\]:&?2>V *A@& *
/I32@8.-!@89ﬁ6ﬁ6+"2>ﬀ)uﬀﬀﬁ6ﬂ1!=.-21i#&C!1+2>Q-35;=#&2h1 )8oj	8j )8=Q 8 .-%(5
PP
)+#&?7ﬂﬀ%:
)3#-ﬁoCﬀ%).4"ﬂ#&%!3jNLN+21"ﬁ6#95+mLNﬂ1 1ﬀ%,"+2>;=+213%()3!1ﬀ:-% #4;u1^LV7.-W ﬀﬂﬁﬃ 8Jﬀ+ﬀ5!
!1ﬂ:&% \])Q.-%,ﬃﬁﬃ#J5 \])Q.41ﬀ#&%(!p1# "(/)32>#&!1!!13)."ﬂ#&%Y#&% 8§.4$ﬂ#MLQc.-ﬀ?+!#-; . ).; *P\:&?21+!$ﬀ%
.-77[3%(5	*  *T(X213!>?ﬂ1!=.-21h;=#&?%5$1#oCHX)+#&%!>ﬀ!>13%,LNﬂ1"( S

#-C!1+2>Qc.4"ﬂ#&%!U#4;S\:&?21
V *  *
 ﬀ  
&"ﬁﬀﬂﬃ ﬂﬁ ﬃ ﬂ!#"$"%!#& (')ﬃ*&
Tﬀ+)+"2>#&%9l 4J?).-21WO)3#-ﬁﬃ7[#&!1 "+%3!>!zﬀ!S!17.-21)A+5G;=#&2nC,8uﬁI.4%08D>*(7[32>ﬀﬁ63%,"! *{.8A.-7(721#;.4)Ai"
;=#&?2yle;=+21ﬁ6ﬀ#&%Zﬂ%,"325.-)+1ﬀ#&%Z;=2>#&ﬁ5E._+21+%0O!>ﬀ5+!f.-!Oﬀﬀﬂ?!>12<.4135Zﬂ%^\]:&?2> V * -*GG 




























.{ﬀ:&?(21 V *	  

)3)3+!1!|1# +ﬀ3)."2>#&%9l
4J?).-21W )+#&%,-.-). ﬀ%,"+2<.-)."ﬀ#-%! ;=#&2
G 

j  =< .4%5 nﬀ/`.4"2>#&% *97[32> l
ﬁﬃ+%01!+*
I













@ *B5  @ *!V l 0 *85 7 *<7
.  @ *X@  * l  *A@ 5ﬃ*A@
)8 .
3
 *<0;9 7 *87 l 7 *XV 7 *85
.  7 *B565  *89 l 5 *85 7 *
8 .
3
 *<060 7 *87 l @ *ﬀ 7 *<7
.

7 *87 @ *! l  *85 7 *ﬀ
8*8 .
3
@ *B565 @ *!V l 7 *<9 7 *<7
.

@ *	 @ *X@ l 5 *85 5ﬃ*X
  .
3
7 *<0 0 *87 5ﬃ*ﬀ  *85 5ﬃ*<9




7 *	  @ *<0 @ *  *A@ 5ﬃ*ﬀ
.






@ *B565 @ *89 @ *10 l l
.

@ *B5 0 7 *! @ * l l
2 )8 .
3
@ *B5  l  *XV l 7 *<9
.

 *  l @ *XV l 5ﬃ*10
.Q8 . 3 @ *  l 7 *85 l l
.

7 *X@60 l 7 * l l
.Q8*8 .
3
7 *X@  7 *  @ *<9  *ﬀ 5ﬃ*A@
.  7 *  7 *89 @ *XV  *85 0 *
)8RQ8 .
3
@ *!  5ﬃ*B5 5ﬃ*X 7 *85 7 *<9
.  5ﬃ*!V  5ﬃ*B5 5ﬃ*<7  * 5ﬃ*85
)8RQ8*8 .
3
@ *  l 7 *10 l l
.  7 *87:0 l 7 *<7 l l
82@8*8 .
3
 *  l @ *XV l 5ﬃ*X






j   <¥.-%5nﬀ/`.4"2>#&%0*
LN "<"K)+#&212>3!17[#&%5(ﬀ%:ﬀﬂﬁﬃ "!o2>37[#&2>135 C08<#4"+2R.4%/.-ﬂ8J!>3!+*

ﬂUﬀﬂﬁﬃ "!o!>#MLN%.-!>!1?ﬁ6
/.MQ-#&?2X!@89ﬁ6ﬁ6+"2@8&jH,* -*[)3#&?7(ﬀﬀ%(:&!h1#o.-ﬀ "(213i:&3%+2<.41ﬀ#&%(!#-; 40?/.-2>WJ! *Oo!1+%!1 " Q9 v8F1#
)+#&%,-.-).Eﬀ%,"+2<.-)."ﬀ#-%!ﬀ!=.4E!>)Q.-ﬂ3! . #-;T.G;=.L S/ *




















l(a2>?%0*T.8$;=#&?%5K)+#&ﬁﬃ7).-2<.-C(ﬀm#-2U!1ﬂﬀ:&," 86!>"2>#&%:&+2ﬀﬂﬁﬃ "!+*,.]#&2V1)8oj 8¥.-%(5
PP
ﬁ6#95+ﬀ!X"(7?C(ﬀﬀ!>35ﬂ.-%/.- 8J!1ﬀ!D5+21ﬂQ-35.4!>8Jﬁﬃﬁ6+121ﬂ)6ﬂﬀﬁ6ﬂ1!mLNﬂ1*"(ﬃ!@"21#-%:&32uﬀﬂﬁﬃ 
;=#&2o1B#&77[#&!1 "$ﬂ%,"32@;=32>3%)+F!>ﬀ:&%!}.4!G#&C!1+2>Q-35ﬂ%"K72>3!>3%,R.-%/.- 89!>ﬀ! *ﬀ!G)7.-%<CH
.4>"21ﬂC?(135Z"#$1oCC.-!#-;I1o#&%tlv5ﬂﬁﬃ+%!1ﬂ#&%/.- \X7[32@;=#&21ﬁ635^C,8F"G7?(Cﬀﬂ!1+5b.-%/.- 89!>ﬀ!
"#p%+:;.41ﬂQ&XQc.-ﬂ?3!#-;:</. .4!E5(ﬀ!1)+?!1!>35Zﬂ%B!1+)+"ﬂ#&% V *A@ *A@ .-%5!1(# LN%Fﬀ%$\]:-?21V *87 *

!>ﬀﬁ6ﬀC.-2H#-77H#-!1ﬂ1ICH+/.kQ9ﬂ#&?2 ﬀ! #&C(!132@Q&+5oCH.vLV+3%i1P721+!13%,\.-%/.- 89!>ﬀ!Ł.-%(5u"(  =:mg
7?C(ﬀﬀ)7.4"ﬂ#&%  9 V

j LN(ﬀ)A ﬂ!OC/.-!1+5 #&%.-%?%0Cﬀ%(%35*ﬀ#&:4leﬀﬂW-3ﬂﬀ#J#J5F"+)A%J?(ﬃ?!>ﬀ%:!1#-ﬀ3 8
"(E!>/.-7[h#4;H1u  jelv5ﬂ!>"2>ﬀC?9"ﬀ#-%o#-;["N%+?("25.-])3?2>21+%0a)32>#&!1!P!1+)+1ﬀ#&%0*Gh32>N#&77[#&!1 "3 8
!>121#&%(:ﬃ>*()+ﬀ?!>ﬀ#&%ﬀﬂﬁﬃ "!K.-21f.-!>!1ﬀ:-%35"#G"
PP
j @2 78.-%5 82 8*8 ﬁ6#J53ﬂ!+*Iﬀ!
ﬁR.M8u!1?(:&:&3!@I"/.4T1  =:gA.-%/.4ﬂ8J!1ﬂ!z!1? H32>!T;=21#&ﬁ <=+-.Z537[3%5(3%)+3!U.4!zLV+ﬀ,*m"+2>LNﬀ!>-j
"(  =:mgKﬂﬀﬁ6ﬂ"!_.-2>D)+#&ﬁ67/.-2<.4Cﬀm1#G"	D21+!1? "! *









   

.-ﬀ!>#G/.kQ&O21+7H#&2@"+5#-%
)3#-%0<.-)+uﬀ%,132<.4)+"ﬂ#&%! *   =<  213!>?ﬂ1!uﬂ%<.-Cﬂ V * :&ﬂQ-G"6!>1#&%:&+!>uﬀﬀﬁ6ﬂ1!m;=#&2X7.-)A
)3#-?7ﬀﬂ%:B)3#-ﬁoCﬀ%).4"ﬂ#&%<C[#-1^!1ﬀ:-%!Am#&C9-.-ﬂ%35C,8b.-%,8^#-;I1G"2>3p*97[321ﬂﬁﬃ+%,"!+*'32>
.kQc.-ﬀC.-Cﬀ4jR1  =<*2>3!1?(ﬂ"!{*9)3+35p"Uﬂﬀﬁ6ﬂ1!S#-C(-.-ﬂ%35iﬀ%i1721+!1+%0`.4%/.-ﬂ8J!>ﬀ!\.4%5Gﬁﬃ#-!>" 8
8Jﬀ+ﬀ5u1U!@"21#-%:&3!@Tﬀﬂﬁﬃ "!Ł.4T.-ﬂJ2>Q.-)A(ﬀ%:!>)Q.-ﬂ3!z#4; 	2LVhS/ *h#MLa+Q&+23j,"(U721+5#&ﬁ6ﬀ%/.4%)3
ﬀ!aC/.-!>ﬀ)Q.4ﬀﬂ8o5?m1#u"(?.-!1!>?ﬁ67("ﬂ#&%#-; /.MQ-#&?2a!>8Jﬁﬃﬁ6+121ﬂ)m)3#-ﬁﬃ7[#&!1 "+%3!>!V!>121?)."?2>3! *P(
 =</*97[321ﬂﬁﬃ+%,"!Ł.-2>TﬁI.-ﬂ%ﬂ8E!>3%!>ﬂ" Q&T"#N!>3)3#-%59lN.-%5X"(ﬀ215Jlv:&+%325.4"ﬂ#&%0?/.-2>WJ! *

)+"?).-ﬀ 8&j







7[#&!1 "3%(3!1!TLN "p)3#&ﬁ6ﬁ6#&%o)3#-%!>1ﬂ"?(3%,"! *T  S/`.4121#&% ,ﬀﬀﬁ6ﬂ1!3j LNﬀ)A6!1(# L"2>3!>?ﬂ1!P#4;









5+%06#-;E"(n.4!1!1?(ﬁﬃ7(1ﬀ#&%w#4; .kQ-#&?2p!>8Jﬁ6ﬁﬃ."2>8-*C(e; /.MQ-#&?2p?% Q&+21!<.4ﬀﬂv8 ﬀ!Gﬂﬁﬃ7[#&!1+5jT"






C[O;=#-?%5Kﬀ%   @

*
    	 














ﬃ*  &% !$' &)("%!% !ﬃ
p)32>#&!1!D!1+)+1ﬀ#&%.-%/.- 8J!1ﬀ!Xﬂ!XC/.-!>35#&% ﬀ
3
ﬂ*5).4-.$-.4W-3%*ﬀ%  o.-%5@  LN ""
*97[32>ﬀﬁ63%,U.R *"!















76o <86:9  @54 < ; 6>= -X/*?A@ B4 .-!












.-21<ﬁ6Q.-!>?21+5|ﬂ% 1 WJﬂ%3ﬁR.41ﬀ)25.-%:&<#-; @ DC '
0
C    .-Oﬀ/
0
j
 !  @EC C    .4%5  !   
  







































(v%p7/.-2@"!z#4;]"UW0ﬂ%3ﬁR.4"ﬂ)a7(/.-!1!>7/.-)+-j,3!>7H+)3C.-ﬀ 8W.RT].-2>:& ' 0 .-%5  j4;=?2>132zﬂﬁﬃ7(21#MQ&tl
ﬁ63%,1!.-2>i*97[3)."35ZLN "Fﬀ:&F!><.4"ﬂ!>"ﬂ)3!  "!

l)( (U5/.4<. *&(v%Z#-132h213:-ﬀ#&%!N"(i72>3)3ﬂ!1ﬂ#&%




   ﬃ)' #
ﬃ  ﬃ*!#" ' #
ﬃ*  &' /' ' &* &
( ﬁ6Q.4!1?2>35 )32>#&!1!!1+)+1ﬀ#&% ﬀ!F;=?2>132^ﬂ%0Q-3!@"ﬀ:F.4"+5 1# ﬀ#J#&W';=#&2Z7[#-"+%01].-u H3)."!#-;
+ﬀ+)+"2>#&%9l J?).-21WO)3#-%0<.-)+zﬀ%,"+2<.-)."ﬀ#-%!T.4!1!1#J)3C.4"+5uLN "o!>)Q.-ﬂ3!n;°.42nC[+8-#&%5o"(  "!

)3+%,"21tl
#4; lvﬁR.-!1!o+%32>:-8 * FgJ-.4%5/.-2>5 GF#95(3Uﬂ!o*J"+%5+5ﬀ%()3ﬀ?(5ﬀ%:~./\]%ﬂ1 0?/.-2>W2<.-5(ﬀ?!o#-2
+ﬀ+)+"2>#&%9l J?).-21Wp)3#-ﬁﬃ7[#&!1 "+%3!>!+*TE;=#&21ﬁ632Pﬀ!P)3#&%(!1ﬀ5(321+5BC,8I.+ﬀ25.-)E;=#-21ﬁ;°.-)."#&2_.-%!5.4=4 j
1D].4>"32C,8.Gﬁ6#95+ ﬀ%5(37[3%5+%,.-7(721#;.4)A/#-;n5 H32>3%,h)Aﬀ25.-)3#-?7ﬀﬂ%:p)3#&ﬁiCﬀ%/.R"ﬀ#-%!+*















+    -X/
0
.-%5 @+  X  ﬃ"#$2>35?()3
"Oﬀﬁ67/.-).#-;n!>8J!>13ﬁR.4"ﬂ)O?%)3+2><.-ﬀ%,"ﬂ3!N#&%B"(D2>3!>?ﬂ1!






T!@"ﬀﬁR.41#&21!f.-2>+Qc.-ﬂ?/.4135*1# 0?/.-%,1ﬂ; 8^"()3#-ﬁﬃ7/.R"ﬀC(ﬀﬀ v8/#4;U"ﬃ)32>#&!1!u!13)."ﬂ#&%ﬁ6Q.-!>?21tl




;=2>#&ﬁ "gJ-.4%5/.-2>5 GF#J53[721#J)3+!1!ﬂ!Pv8J7ﬂ)Q.-ﬂﬂ8   4#.4%5o.- LU.k8J!U].421:&+2I1/.-%6T 4 *"3 ﬂﬁﬃ "!
.421"0?!5(+"+21ﬁ6ﬀ%+5K#&%B" 0?/.-2>W25.-5ﬀ?(!'.-%5K#&%K)3#-ﬁﬃ7[#&!1 "+%3!>!!1)Q.4ﬀ3!?(!1ﬀ%(:}.G;=2> 0?+%9l






329   54p *Tmﬂ# La32aﬀﬂﬁﬃ "!T#&%ﬃ3ﬀ+)+121#&%9l 0?/.-21Wp)+#&ﬁﬃ7[#&!>ﬂ"+%3!>!
!>)Q.-ﬂ3!E2<.-%(:&D;=2>#&ﬁ  *  G1#  *XV6nﬀ/|5+7H+%5ﬂ%:#&%"D)Aﬂ2<.- )3#-?7ﬀﬂ%:p)3#&%,121ﬀC(?("ﬂ#&%!+*V













ﬁo?ﬁ !>3ﬂ3)+1ﬂQ-)3#-%)3+21%ﬂ%:/)Aﬂ2<.-I)+#&?7ﬂﬀ%:&!+j "ﬂ!u)A/.4%%3PﬁR.M87(21#MQJﬀ56ﬀ:-*!>3%!>ﬂ" QJﬂv8




ﬁ6#95+ﬀ!'.4%5LNﬂﬀHCHO#-;n*J"25.-#&2>5ﬀ%/.42>8Bﬂﬁﬃ7[#&2><.-%)+m"#pﬀ5(3%," ; 8$7[#-"+%01].-_!1ﬀ:-%/.-ﬀ! *
 '  &*  ﬀ  "(&





.-7(721+)3].R"ﬀ%(:h"(U7H#MLa32T#-;]1NgJ<.-%5/.4215 GF#J5+ j& {ﬂ!{%#&%(+"(3ﬀ+!1! .-7(721#&7(21].R"
1# ﬂ#9#-W ;=#&2@LU.4215'"#w"5ﬂ!1)+# Q-32@8'#-;i%(+L 7,8J!1ﬂ)3!K;=21#&ﬁ "%>*JFC.k8&32K#-;
2>Q.-ﬂﬂv8 *
         

  
	             
























































































































































































































































































































































J 0KG  #G L
F
















































































































































































































  (j !1#MLN%/LN "F!>-.R"ﬀ!yl
1ﬀ)7.-a 'XW=`x@` tjH?(%)3#&2>21+].4135/!@8J!>"+ﬁI.R"ﬀ)$ 'tdIYXZy.j[)3#-2121+].4135F!>8J!>13ﬁR.4"ﬂ)$ 'Zﬃ[ bttj[1#--.4
!@8J!>"+ﬁI.R"ﬀ)6 'XWﬃ\CW>U.-%5K"#-<.-I '.`][ ` V+2121#-21!+*IX<.-Cﬀ[.4ﬀ!1#G7(21#MQJﬀ5+!N1O)3#&%,121ﬀC(?9l





























































































































* &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ *
,- - -/
.

































































































- - 5- -/
.
















































































- ,- - -/
.









































- 1 , -/
.

















































































- - 5- -/
.
0 - 5 -/
.








































- 20 - -/
.


































































































































0 - - -/
.













































0 - - -/
.
- - 5- -/
.








































0 - - -/
.
- 20 - -/
.







































0 - - -/
.














































- 7 , -/
.








































0 - - -/
.




















































































































































































































































































3 - - -/
.













































3 - - -/
.














































3 - - -/
.




























































































3 - - -/
.
-3 - - -/
.
- 7 5 -/
.





































3 - - -/
.
- 5- - -/
.


























































































































































































































































































































































































































































































































































































































































































































* &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ *
13 - -/
.

















































































































































































-3 - - -/
.
2 , 5 -/
.












































































































































































































































































- 5- - -/
.















































































2 - - - -/
.

















































2 - - - -/
.


























































































2 - - - -/
.












































2 - - - -/
.









































2 - - - -/
.













































2 - - - -/
.













































2 ,- - -/
.

























































































2 ,- - -/
.















































2 ,- - -/
.











































2 ,- - -/
.












































2 ,- - -/
.
2 5- - -/
.
- 1 1 -/
.








































23 - - -/
.



























































































23 - - -/
.









































23 - - -/
.










































23 - - -/
.












































23 - - -/
.
2 5- - -/
.








































23 - - -/
.



























































































,- - - -/
.














































,- - - -/
.










































,- - - -/
.











































,- - - -/
.
2 5- - -/
.







































,- - - -/
.














































































































































































































* &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ * &+ *
0 - - - -/
.















































0 - - - -/
.
- 5- - -/
.







































0 - - - -/
.












































0 - - - -/
.
2 5- - -/
.
2 1 6 -/
.



































0 - - - -/
.
,3 - - -/
.







































0 - - - -/
.
6- - - -/
.
- 4 6 -/
.



































3 - - - -/
.











































3 - - - -/
.













































3 - - - -/
.













































3 - - - -/
.












































3 - - - -/
.
6











































5- - - -/
.














































5- - - -/
.















































5- - - -/
.










































5- - - -/
.
6













































5- - - -/
.

















































2 ,- - - -/
.














































2 ,- - - -/
.












































2 ,- - - -/
.
6












































2 ,- - - -/
.
13 - - -/
.











































,- - - - -/
.















































,- - - - -/
.
6


















































,- - - - -/
.













































0 - - - - -/
.
6














































0 - - - - -/
.













































































































         






!1+)+1ﬀ#&%!.-21u)Q.-ﬂ)3?C.4"+5Z?!1ﬂ%:1     9< +-. .{ﬂg9(# LN%d.-2>u1o21+!17[3)."ﬂQ-Gﬁﬃ#J5+ﬀ!
;=#&2)+#&?7ﬂﬀ%:G!>)Q.-ﬂ3!N#-; 9
	B-j (j  A.-%5 Gn.-%5K;=#&2 ZCﬂ%!ULNﬂ1   !  
















10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV




































10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV
.{ﬀ:-?21 ﬂA@  !E+5?)+35K)32>#&!1!U!>3)."ﬀ#-%$;=#&2P1)+#&ﬁﬃ7[#&!>ﬂ"+%3!>!Uﬁ6#95+ )3#-ﬁﬃ7/.42135
"#G"(ig0-.-%5).-215 GF#J53 72>35ﬂ)+1ﬀ#&%



























































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV





















10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV
.nﬀ:&?2> ﬂ*"!N35?)+35)32>#&!1!N!1+)+1ﬀ#&%B;=#&2V1X)3#-ﬁﬃ7[#&!1 "+%3!>!Eﬁ6#J53   )3#&ﬁ67/.-2>35
1#G"ugJ<.-%5/.-2>5HG#95+ 721+5ﬀ)."ﬂ#&%



























































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV



































10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV
.{ﬀ:-?21 ﬂ"!E+5?)3+5K)321#-!1!!1+)+1ﬀ#&%$;=#&2P"X)+#&ﬁ67H#&!>ﬂ13%+!1!Uﬁ6#95(3   )3#-ﬁﬃ7/.42135
"#G"(ig0-.-%5).-215 GF#J53 72>35ﬂ)+1ﬀ#&%



























































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV
.{ﬀ:-?21*ﬂ   !N35?)+35K)32>#&!1!V!13)."ﬂ#&%;=#&2I"m)3#&ﬁ67H#-!1ﬂ13%+!1!aﬁﬃ#J53   )3#-ﬁﬃ7/.42135
"#G"(ig0-.-%5).-215 GF#J53 72>35ﬂ)+1ﬀ#&%
  
















10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV































































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV





































10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV































































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV





















10 3 10 4
x = 0.02
10 3 10 4
x = 0.032













































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV































































10 3 10 4
Q2   [GeV2]
x = 0.65
εΛ =   ±1 TeV
εΛ =   ±3 TeV
εΛ =   ±5 TeV
εΛ = ±10 TeV




    
















    V













   
F
ﬃﬁ		>	)ﬃ)   











.$ F*G+Hﬁ(I);-. <=+-.J)	       @ @









#;TG	ﬃ)	.>C..	ﬃQ.ﬁ	          @ 













-ﬃ)$:"$(P     
  7GﬃY#
)(I.ﬃA8DRZ"$#-&







BﬃQ.(P)$)              V














=	WTG	W$)(           ?
    \5.
	Wﬁ	]ﬃﬁ		>	)ﬃ)$ﬂ#
&ﬃﬁ)'<.[<.ﬃY%'-PﬃY#).(^/Hﬁ	         @
 !V &-(I



















@             @
   e=ﬁW$*ﬂﬁ	-:	(^







ﬃ): h                  






)	             
   e=ﬁW$*ﬂ-	/
-$                               






















w Zﬃ[5YﬁyWz{y}|+UD~-v8w y               
  Xss7G%D$ﬃY#E\.I[.
		].:ﬃ)		-R.=ﬃﬁ)/H
-/.T                























)(I)'          
  Xs  `Ye;a<ﬃ)		N	ﬁﬃD$ﬂR>X$#:ﬃﬁ)	B)ﬁﬃD$(I.











































	Ae           
  {




/.*$ﬁ	    

















C.$          
  {  Aﬃ)<.;UR>	&)ﬁﬃD$:ﬁ
)T:ﬃ7./
<.                   
  { e*UR>	!))ﬃ)$:ﬁ
)T:ﬃ7./
<.*$                        
  { e*UR>	!))ﬃ)$:ﬁ
)T:ﬃ7./

















5.$    
   3)ﬃ):ﬁ-ﬁT:ﬁ	G$G	HeP(I+/.ﬃ)<9B).-.P.
:	(^














































	          
Xs GE7.Ee=ﬁ"ﬂ9B7.ﬃY# *"!Ntg5                      s ;
{ Ł);CT8):+Hﬁ>;$)<.*$ﬁ:
(I
















































16>yB	ﬃ7.          ss 





















	    s 





                       s  













#,'                      s 
























































































































































ﬀ0ﬁﬁ;$C.Lﬃ)		C	ﬁﬃ)     @s 
ﬂ    ﬃﬁ(P+H	X$ﬁ-ﬁ		>"L)ﬃ)$	NO$#-!-
/










ﬀ0ﬁﬁ;$C.ﬃ)		C	ﬁﬃ)     @s 







ﬀ0ﬁﬁ;$C.ﬃ)		C	ﬁﬃ)     @s 













































ﬀ0ﬁﬁ;$C.Lﬃ)		C	ﬁﬃ)  s 


























































   ;





































                    

Xs  3ﬁﬃD$:ﬁ
)T:ﬁ	-O"$#- 3[tCNﬃ7.(P)ﬁ             
Xs !N-ﬂ	ﬁﬁﬃ)ﬂ '





	             @s 




























ﬁ	 @s   

F




















      ﬁ  
=s ?












3#;T8	ﬃ)	ﬁ )T CDR %[s















































































.H7Gﬃﬁ ﬂﬂ `Ws  a<

















=  ?    -./H R.














3#;TG	ﬁ,/. `Ws  a01 ? 


































65(' `s   a 
s =87L# 3%'	+ 3\)










. 3Ł.-/.  C
ﬃ) 

3#;T8	 ﬂ:,;ﬂ' `s   ai























 ﬂ:,?5(' `Ws  ;a

 ? 




























































=rs ?  7G+
)	/Hﬁﬁ




"! BU\<BU   U ;
	
















  U Gs)U-s 
=rs









































	.B* !>t1R. D,  #-ﬁ+GU}"F ;
=rs  B?LK  ﬂK.		ﬁ.













( 2Gﬂ)$# [t 9ﬂ',M`s

a
s   =. DAX  #
)+GU F
s ? 











	W$-ﬃ)$.*  "!Nt]  C
ﬃ)  -	$
(  Gﬂ)$# "t 5(ﬂ'u`Ws;a

 = .EDA F#
ﬁ+8U









	W$L   3  3Ł. 
  .
	%;Tb.




























    Ł\"





















)R+-#'T8	ﬃﬁ	) I. D, F#
ﬁ+GU}+
#ﬂF-s




























= B?&t !ﬂ  G.)! 












































	   B\B#
 Nﬁ		].S(P)$#-G 
3#;TG	 !>)  ﬂ 'ﬂ. `;a-s;-s = .EDA F#
ﬁ+8U
+
#ﬂF-s -s ;B? 




























































































































)G- ﬃ! "$&%$= N)R GE

F


















3#;TG	 3[) 2ﬂ 9ﬂ'5`Ws

a



























,; `;a   

= . D, F#
ﬁ+GU}+
#ﬂF; ? 






















= . D, F#
ﬁ+GU}+
#ﬂF  Gs ? 
=; ?] ?.+
+ ﬂ 87GﬃY#/. G G7G+
<.[.













































= ?@  ﬂQ
ﬃY#
(^





















 CDR C7. 'T
ﬂi	
	it<<C)<. 3t GEG-ﬁ -
ﬁ+Hﬁ
-ﬁ;Nt,/.XT8		) ﬀ
	G ; 	  	 ﬀ	ﬂﬁﬃ! 	!" 	






























f#;T8	 ﬂ .M 'M`Ws aB
= . D, F#
ﬁ+GU}+
#ﬂF ; &8? 





   .RK.5..







3#;TG	 !>)  ﬂ .>) `Ws;a-s>= . D,  #-ﬁ+GU
+
#GF     
s ? 
=8?1 23ﬃY#;$)   ﬂ $3Ł.
P.





































































































ﬃ) (). `s  a,s  


='B?  t,/G ﬃ! "$&% =8!s
F
C./H<. ?  \B#
 !s
)ﬁﬃD$}.  "!>t1 N
ﬃﬁ  -	$
( 
GE)#t69ﬂﬂ' `s  a -s 










 ]s&"G+Hﬁ(I);.*B "!Nt  C
ﬃ) !
	W$-( <Gﬂ)$# Ht 9ﬂﬂ' `s  a  ;
=8?1ﬂ[t,





















(  Gﬂ)$# ﬀ,/M `s   ;a<Gs 
=( ?1ﬂ>t,








































=; ?1!  ﬂ  t,+
+-
#















(  GE)#t:9 ﬂ' `s  a    
=1 ?&\  NﬃY#







































































 ?  ,ﬂiD$#
b.






















































 ]s 3.]\"ﬁ& s
















































































	W-.9	 3  3[
'/
C.o.





















































































.ﬁ(I.'TﬂAﬃ),*U -0s-s f  
=  ?&t 8\ %ﬂA T8G '.




























?&t  ﬂ  Gn.1 
d
G78$













 ﬂ 9M C `Ws;a0; ? 











f#;T8	 !>)  ﬂ
5(' `s;aNs  















f#;T8	 !>)  ﬂ:5(' `s;aCss   
= 8?
d









3#;T8	 ﬂﬂﬂC `s;a0   
= 8?]7  
  ﬂU.<.


































<.( ]s7  G   ;$ﬁ/.ﬁ]s^7GbRK.
N$!*U$ss F- ﬂ  7?^s 
= Gs ?1!  ﬂQ













"! >U ﬂ ﬂF8 F UYs0s   








3# F; UYs- 













































































































































 ]s13[t,>ﬃ7.(P)ﬁ	)  N
ﬃﬁ  
	W$-(  GED$#5t 95ﬂ5J`Ws'a0; 
=F ?] -&
















(  GED$#t:ﬂCM `Ws;a( 















(  GE)#8t 5(C M `;a
 =. DAX  #










	B:+H	X$ﬂ+-:ﬃﬁ	-	U./+ -/. P.^ﬂ  7?,U}\<  7 W7'U$s*U(
=F ?  ŁtC/






















































































































































3#;T8	 !ND  ﬂ 'ﬂ' `;aiGs -s 
=8?]7 Ht, ﬃ! <"$&% =]s
F






UB+6	ﬃQ.$)-p.2 "!Nt]  
f#;T8	








































	=.*B "!Nt]  









































ﬃD$ . 3$ 
"  

















































,; `;a>s  = . D,  #-ﬁ+GU
 GF ;Gss ? 
=s 8?] Bt,/
/-ﬁ-





































3#'T8	 !ND  3[) 
ﬂ `s;a   = . D,  #-ﬁ+GU}"F-s -s 8? 














































































































































































































































































].ﬁ(I. !>ﬁ	Q.ﬃY# 7G8ﬃﬁ)T ` ﬂ

]a 
s 

